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Introduction
In the recent decade, the spectrum of imissions changed (and improved) within the whole territory of Czech Republic. From the viewpoint of forest ecosystems and natural vegetation protection, limit SO 2 concentrations were not exceeded in any locality. However, new factors influencing the health condition of forest ecosystems came to the foreground and became more and more prominent. In the Ore Mountains (in Czech Krušné hory), besides a worsened condition of soil caused by acid deposits, the health condition of forest stands was negatively influenced above all by above-limit concentrations of ground-level ozone in these localities.
Ozone is one of the most frequently discussed gases that influence vitality of forest woody species. In regions with higher anthropogenic load, ozone and acid deposits are the primary causes of stand damages (Hůnová, Novák 2001 , Šrámek et al. 2007 , Bednářová, Truparová 2010 , Bednářová, Kučera 2011 . For the time being, concentrations of ground-level ozone are considered to be the most significant noxious gas agent influencing the health condition of European forests (Ashmore 2003) . Ozone noxiousness is dependent on detoxification capabilities of plants and its intensity differs as far as individual woody species are concerned (Ditmar et al. 2004 ). Experimentally, a relatively high sensibility of silver birch was demonstrated by several authors (e.g. Skelly et al. 1998 , Karnosky et al. 2002 , 2003 .
Ozone penetrates into the plant organism through stomata and is decomposed very quickly already in inter-cellular spaces due to the contact with wet cell walls (Gloser, Prášil 1998) . This means that the water intake is directly influenced by atmospheric concentrations of ozone, properties of the laminar layer of assimilation organs, and stomatal conductance. With the increasing damage of plants, a plasmolysis of individual cells takes place together with an overall distortion of cellular structures (Günthardr-Georg et al. 2000) . Epidermal cells collapse later than those of mesophyll. In the course of upper mesophyll cells dieback, the damage is manifested with visible necrotic spots on the leaf surface (Ditmar et al. 2004) . Together with the cuticle and epicuticular waxes, the epidermis represents a plant-environment interface. Epicuticular waxes protect the surface of leaves and needles against negative environmental effects. The damage of cuticle may be caused by the action of above-limit concentrations of ground-level ozone (Lendzian, Kerstiens 1988) . The monitoring and evaluation of changes in amounts and structure of epicuticular waxes on the surface of leaves and needles represent one of frequently used tools and markers of the degree of the assimilation apparatus damage by noxious substances.
Material and methods
In the Ore Mountains range, the health condition of the assimilation apparatus of silver birch (Betula pendula Roth) was evaluated within the altitude gradient from 600 to 1,050 m using the method of monitoring changes taking place in amounts and structure of epicuticular waxes present on the surface of its leaves. Since 2002, the concentration of ground-level ozone was measured directly in birch stands using passive dosimeters (manufacturer Gradko International Ltd., United Kingdom). These dosimeters were exchanged in four-week intervals within the growing period, i.e. from the beginning of April to the end of October. Ground-level ozone concentrations were evaluated directly by the Gradko International Ltd. All measurements were performed in silver birch stands of the 2 nd age category and attention was paid to changing air pollution spectra and environmental parameters. Samples of plant material were taken from three trees growing in each of long-term monitored localities always during the first week of September. The amount of epicuticular waxes on the leaf surface was estimated in laboratory using the method published by Günthardt et al. (1994) . Structural changes of epicuticular waxes were evaluated using the scanning electron microscope (SEM). Environmental parameters were assessed on the basis of continual measurements of air temperature using sensors mounted in the lower part of tree crowns (i.e. in the same height as passive dosimeters). Intensity of global radiation and precipitations were continuously monitored on the open area (Sv. Anna). To register these parameters, independent logging sensors Minikin T and Minikin RT (manufactured by EMS Brno) were used. Characteristics of the study area with stands of silver birch in the Ore Mountains are presented in Tab. 1.
Results and discussion
This study is a continuation of a thirteen-year study dealing with the damages to the assimilation apparatus of silver birch forest stands due to anthropogenic effects (Bednářová, Kučera 2011) . Within the period of 2009-2011, the highest amounts of epicuticular waxes on the surface of silver birch leaves were repeatedly recorded in the lowest locality Orasín (600 m above sea level). Within the whole study period, the amount of epicuticular waxes did not drop below 59 mg.g -1 DM (dry matter content). In this locality no concentrations of ground-level ozone were recorded that would exceed the health limit determined for forest woody species (i.e. 80 µg.m -3
). In the course of the whole growing season (from May to August), average ground-level ozone concentrations were not higher than 70 µg.m -3 in all years of this study. ). In the growing season of 2011, when ground-level ozone concentrations generally decreased, above-limit values were recorded in silver birch stand situated in altitudes above 800 m. In this year, the maximum value of 110 µg.m -3 was measured in the altitude of 1,050 m.
A statistical analysis revealed the existence of a linear correlation between the amount of epicuticular waxes and concentrations of ground-level ozone. In 2009, this correlation was R 2 = 0.7617 (y = -1.7689x + 179.17) while in years 2010 and 2011 the corresponding values were R 2 = 0.6634 (y = -1.4370x + 172.60) and R 2 = 0.8698 (y= -1,8273x + 179.55) respectively. In localities with above-limit concentrations of ground-level ozone, chlorotic spots (but without leaf nervature damages) were observed on silver birch leaves and these were visible also on their lower side (Fig. 1) . A detailed SEM study of tissue samples revealed a considerable structural degradation of epicuticular waxes (Fig. 2) .
Visible symptoms of a negative ozone action occurred already several weeks after the bud unfolding and leaf development, above all in stands growing on south to southwest slopes. This observation corresponded with data published by Günthardt-Georg, Vollenweider (2003) as well as with a description of symptoms of a visible leaf damage caused by the action of ground-level ozone (Novotný et al. 2009 ).
Epicuticular waxes create a barrier between the leaf surface and the environment. An insufficient and degraded wax layer is not able to protect the assimilation apparatus against negative effects of exogenous factors, UV radiation, fungal diseases, viruses and insects. This fact was mentioned also by Karnosky et al. (2002 ), Mengden (1996 and Percy et al. (2002) . The damage of assimilation apparatus due to anthropogenic effects may be reflected also in the overall health condition of woody species under study. A good knowledge of the development and function of epicuticular waxes on leaves of silver birch may contribute to the explanation of causes of the damage of those woody species that have been continuously influenced by human activities and that are still under the anthropogenic load.
Conclusions
A study on effects of ground-level ozone concentrations on health condition of silver birch assimilation apparatus by means of a method of assessment of changes taking place in amounts of epicuticular waxes demonstrated a significant effect of above-ground ozone on their total amount and structure. Epicuticular waxes, which play a protective role as far he assimilation apparatus of plants is concerned, were very damaged by above-limit concentrations of ground-level ozone. This dependence was statistically demonstrated by a high coefficient of determination. Amounts of epicuticular waxes found on the surface of silver birch leaves were changing due to concentrations of aboveground ozone recorded in localities under study in individual years and generally decreased with the increasing altitude. In the altitude of 600 m, samples of epicuticular waxes collected in the control stand, remained to be the same within the whole study period. In this locality, the above-limit concentrations of ground-level ozone were measured during the whole study period while in all other silver birch stands that were growing in altitudes above 800 m, harmful concentrations of above-ground ozone were recorded in all stands growing in altitudes above 900 m where the typical ozone-caused damage of assimilation apparatus was visible just at the first sight. A detailed SEM study of tissue samples revealed a considerable structural degradation of epicuticular waxes. Besides above-limit concentrations of ground-level ozone, this degradation of epicuticular waxes might be caused also by unfavourable climatic conditions existing in these high altitudes. The leaf cuticle and, above all, its external wax layer create and important barrier that protects plants against noxious substances. In case that it is damaged or reduced, negative factors of the ambient environment may influence also some other physiological processes. The obtained information about the damage of the assimilation apparatus of forest woody species, which plays an important role in production of biomass and can significantly contribute to the explanation of damages of forest woody species caused in mountainous regions by anthropogenic factors.
